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Abstract-As
part of an investigation on the behavioral characteristics of SART stressed animals, an animal model of autonomic imbalance, the open-field behavior of SARI-stressed (repeated cold-stressed) rats was studied and compared with that of rats exposed to other types of stress.
In addition, the effects of several drugs on it were also studied.
As compared with normal rats, SART-stressed rats exhibited increased locomotor activity, rearing and center-field penetration, together with decreased grooming and increased defecation, whereas they showed no sig nificant changes in spontaneous movements in the daytime as measured by an Animex activity meter. These behavioral abnormalities were remarkably different from those due to 1-hr cold, 48-hr cold and repeated restraint stresses. These abnormal forms of open-field behavior due to SART stress were considerably inhibited by chlorpromazine, imipramine and neurotropin at doses having no corresponding influence on normal rats; and they were partially inhibited by al prazolam, diazepam and carpipramine at doses exerting considerable influence on normal rats. The above results show that SARI-stressed rats exhibit open-field behavioral abnormalities that are different from those of rats exposed to other types of stress.
Such abnormalities include excessive activity, which is considered to be caused by excessive emotionality.
Many researchers
have reported that ani mals exposed to stress exhibit various forms of abnormal behavior. Among these charac teristics, open-field behavioral abnormality in cludes increased locomotor activity in mice (1) resulting from environmentally induced psychological stress due to changes in light, sound, and other parameters or locomotor ac tivity in rats (2) that increases under heat stress at 47 °C and 52'C, but decreases at 57°C. In addition, Lee et al. (3) have reported that acute restraint stress and foot-shock stress increased locomotor activity in mice, which was considered to be caused mainly by an increase in center region activity, that is, movement inside the central area of the field. The present authors have been investigat ing, from various angles, the symptomatic picture in SART (specific alternation of rhythm in temperature)-stressed animals (8), a model of autonomic imbalance of the parasympathetic nerve priority type (9). SARI-stressed animals, in addition to having various physiological abnormalities (10-15), have been reported to exhibit a decreased acetylcholine content, increased activity of related enzymes (16, 17) , and increased con tents of norepinephrine and dopamine in various brain areas (18) . Since these neuro transmitters are known to be deeply associat ed with the manifestation of various forms of behavior, and such animals also exhibit abnormal electrocorticograms (15) , the ab normal behavior of SART-stressed animals can be predicted with reasonable accuracy.
In this context, the present study was car ried out to examine the behavioral charac teristics of animals with this form of stress. We studied the open-field behavior of SART stressed rats, and we furthermore performed comparative examinations using results ob tained from rats loaded with other types of stress. In addition, the influence of several drugs on the open-field behavioral abnor mality of SARI-stressed rats was studied.
Materials and Methods Male Wistar rats (Shizuoka Laboratory Animal Center), weighing between 200 and 250 g, were used. They were usually housed in groups of five each in a wire-netting cage (38 x 25 x 17 cm) placed in a temperature and light-controlled room (24±1 °C, with a 12-hr light-dark cycle starting at 07:00) with free access to food (MF, Oriental Yeast) and water at all times.
SART stress: According to the procedures reported previously (19) , rats were exposed to an environmental temperature alternating between 24°C and -3°C at 1-hr intervals from 09:00 to 16:00 and then kept at -3'C from 16:00 to 09:00 the following day. For this purpose, 2 cages were kept at 24'C and -3°C , respectively, and only the rats were transferred at the appointed time from one cage to the other. These procedures were re peated for 5 consecutive days. Stress loading was discontinued on the 6th morning, and the animals were subjected to the experiment.
Cold stress: Rats were kept at -3°C for 1 hr or 48 hr. Experiments were started im mediately after discontinuation of the stress loading.
Repeated restraint stress: Rats were denied water and food, and they were restrained using a metal net from 18:00 to 09:00 the following day. This procedure was repeated for 5 consecutive days, and the experiment was conducted on the day of final stress loading. Animals in a control group were only denied water and food according to the same schedule.
Open The open-field test adopted was based on the procedure described by Roth and Katz (6) and Katz et al. (7). Briefly, a rat was placed in the corner of the field with its head toward the wall, and measurements were conducted for 15 min at 3-min intervals. The measure ments included 5 parameters: locomotor ac tivity (the frequency with which the animal crossed the photobeams), rearing activity (the frequency with which the animal stood up on its hind legs), time spent in grooming (time in seconds required for the animal to groom), center-field penetration (the frequen cy with which the animal entered a circle with a radius of 15 cm drawn in the center of the field), and defecation score (the total number of pellets excreted in the 15-min period).
Measurement of the amount of spon taneous motor activity: Using an Animex activity meter (Type S, Farad), the amount of spontaneous motor activity of individual ani mals was automatically measured. Rats had been placed previously in a plastic cage (38x 22x15 cm) for measuring the amount of motor activity and acclimatized for 60 min, after which the measurement was performed for 120 min. All measurements were done in a soundproof chamber starting at 12:00. The illuminance in the cage was 100 lux, and the background noise due to the room air con ditioner was 55 to 60 dB. Fig. 1 . Open-field behavior in non-stressed and SART-stressed rats. E], Non-stress; M, SART stress. All parameters are shown as total amounts for each 3-min interval. Data show the mean±S.E. from 16 rats. *P<0.05, **P<0.01, ***P<0.001 (t-test).
Results

Open-field
behavior and spontaneous motor activity in SART-stressed rats: Figure  1 illustrates the results obtained for every 3 min interval in the open-field test carried out on non-stressed and SARI-stressed rats. As can be seen, SARI-stressed rats exhibited significant increases in locomotor activity and significant decreases in the time spent in grooming during the first 12 min. Rearing ac tivity increased only during the first 6 min, and center-field penetration showed a signifi cant increase from 9 to 12 min after the start of measurement.
Total amounts for these 4 parameters and defecation scores for 15 min are shown in Table 1 . SARI-stressed rats exhibited signifi cant changes in all 5 parameters.
The amount of spontaneous motor activity for 2 hr in the daytime was 704.9±68.3 counts (n=12) in non-stressed rats and 798.7±39.0 counts (n=10) in SARI-stressed rats. These motor activities showed practically no signifi cant difference between the non-stressed and the SARI-stressed rats. 2. Open-field behavior in cold and re peated restra i nt-stressed rats: Figure 2 shows the results obtained from the open-field test conducted on rats exposed to other types of stress.
The 1-hr cold stress group exhibited decreases in locomotor and rearing activities for a 3-min period only during 6-9 min, and no significant change in other parameters in comparison with the controls was apparent. The 48-hr cold stress, repeated restraint, and fast groups showed practically no difference from the non-stressed control group. The re peated restraint group exhibited an increase in time spent in grooming compared with the water and food-denied control group. None of these stressed groups showed any signifi cant change in the total amounts of these 4 parameters in a 15-min period. As to the def ecation score, neither 1-hr nor 48-hr cold stress (2.4±1.0 and 1.7±0.9 pellets/15 min, respectively) produced any change. However, the restraint stress group exhibited a signifi cantly (P`0.01) increased defecation score, 6.8±0.9 pellets/15 min, compared with that in non-stressed rats, 2.1 ±0.8, while the cor responding control group, which had been denied water and food, likewise exhibited an increase in the score, resulting in approxi mately the same value, i.e., 7.1 ±1.4. Table 3 shows the action of the anti psychotics, chlorpromazine and carpipramine. Chlorpromazine at 0.5 mg/kg failed to affect the open-field behavior of both non-stressed and SARI-stressed rats, whereas at 1 mg/kg, it completely reversed the SARI stress augmented 15-min locomotor and 3-min and 15-min rearing activities without influencing the behavior of non-stressed rats. When rats received a larger dose of chlorpromazine, 2 mg/kg, all parameters with the exception of defecation score were decreased in both the unstressed and stressed groups. On the other hand, carpipramine suppressed most of the open-field behavioral parameters in a similar fashion in both non-stressed and stressed rats.
Thus, 1 mg/kg chlorpromazine blocked the SARI stress-induced increases in locomotor and rearing activities without producing any notable influence on the behavior of unstress ed rats.
Finally, the effects of the antidepressant imipramine and the sedative analgesic neuro tropin are presented in Table 4 . Imipramine, 10 mg/kg, produced only decreases in 15 min locomotor activity and grooming in unstressed rats. In SARI-stressed rats, on the other hand, imipramine decreased all param eters, except for grooming, previously in creased by the stress.
Neurotropin at doses of 50 and 100 mg/kg produced hardly any effect on the open field behavior of non-stressed rats, but caused dose-dependent decreases in locomotor and rearing activities in SARI-stressed rats. In addition, neurotropin at 150 mg/kg reduced only rearing activity but did not affect any other parameters in non-stressed rats. How ever, it suppressed locomotor and rearing ac tivities and defecation scores previously in creased by SARI stress.
Discussion
The open-field test (23) (24) (25) (26) (27) is a method which is aimed at examining the emotion of an individual animal on the basis of its behavior when it is placed in a novel environ ment, and it is utilized in the study of emotion or screening of psychopharmaceuticals. In this test, locomotor and rearing activities are accepted as indicators for exploratory move ments, while grooming is a measure of emo tional stability, and defecation is regarded as an indicator of emotionality. In other words, rats with elevated emotionality exhibit in creased locomotor and rearing activities, while their grooming decreases and defeca tion increases. On the other hand, it is known that rats whose emotionality has been ex tremely elevated exhibit freezing and de creased exploratory movements.
by non-stressed rats. Ambulation in the center or inner area of the apparatus is thought to be related to timidity (25, 28) . However, the in creased center-field penetration of SART stressed rats may be due to higher activity and/or emotionality; and such rats are pos tulated to be resistant to acclimatization to a new environment.
The above-observed open-field behavioral abnormalities in SART-stressed rats were distinctly different from those observed in 1 -hr or 48-hr cold stress or from those observed in repeated restraint stress studies. In the 1 -hr cold stress experiment, decreases only in locomotor and rearing activities were ob served, whereas no abnormality was seen in any of the test parameters in the 48-hr stress experiment. In other words, SART stress, which results from exposure to a form of pulse-like alternation between standard and cold environments, is greatly different from exposure to stress in the form of a simple cold environment. Furthermore, from the fact that while repeated restraint stress increased def ecation, the feeding time-restricted control group also showed increased defecation, resulting in similar values, it is suggested that the increased defecation was not the result of restraint stress but rather the night-time restriction of food intake. Grooming activity of restraint-stressed rats increased, in contrast to the decrease seen in SART-stressed rats.
Roth and Katz (6) and Katz et al. (7) ob served in their open-field test a transient in crease in locomotor activity, shortening of initial movement latency, increase in center field penetration, increase in grooming, and decrease in defecation under acute stress consisting of combined sound and light. However, they did not find any significant dif ference in rearing. On the other hand, rats loaded for 21 days with stress that was altered every day (shock, fasting, tail-pinch ing, or cold-water swimming) exhibited de creased locomotor activity, rearing, and center-field penetration, coupled with an in crease in defecation score.
When these reports are considered in com bination with those mentioned in the in troduction and also our present results ob served in rats loaded with some other types of stress, the abnormal forms of open-field behavior seen in SART-stressed rats seem to be unique and considerably different from those observed in rats given other types of stress. Also, these abnormalities are those observed during the period of time when no change occurred in the amount of spon taneous motor activity. Therefore, it can be postulated that the abnormal behavior of SART-stressed rats observed in the open field test is manifested when stimulation ac companied by anxiety or fear is given: i.e., when the animals are placed into an open field, which is a novel environment. Such a hypothesis is supported by the previous findings that SART-stressed animals exhi bited hypersensitivity to external stimuli in the galvanic skin response test (8) and resting-arousal electrocorticograms with low voltage fast waves (15) . In future studies, it seems necessary to investigate motor activ ity during the night, which is intrinsic to rat behavior, and the circadian rhythm.
We subsequently focused our attention on the effect of drugs on the open-field behavior of unstressed and SARI-stressed rats. The observation that alprazolam and diazepam produced a decrease in locomotor activity following an increase in the initial 3-min period in non-stressed rats is in agree ment with previous reports concerning benzodiazepines in the open-field test de scribed by other researchers (29) (30) (31) (32) . Also, chlorpromazine and carpipramine, which have been reported to reduce exploratory be havior in rats (30, 31, 33) and locomotor ac tivity in mice (34) , produced marked suppres sion of behavioral activities at relatively higher doses in the present study. Imipramine at the highest dose decreased locomotion, but did not affect rearing in non-stressed rats, sup porting the evidence reported by Kulkarni and Dandiya (35) . Thus, the results obtained in unstressed rats are compatible with the findings reported previously. tion of monoaminergic neurons (37) in con trast to the former drug. In addition, SART stressed rats have been reported to exhibit increased levels of norepinephrine and dopa mine in various brain areas (18) . Therefore, it would appear difficult for the behavioral abnormality due to this form of stress to be elucidated only by association with alter ations in the function of the catecholaminergic system. Resolution of the mechanism re sponsible for the SART stress-induced be havioral abnormality will require more detailed studies concerning the possible involvement of other neurotransmitters including 5-hy droxytryptamine, acetylcholine, and so on. Carpipramine reduced the locomotor and rearing activities increased by stress only at dose levels which produced decreases in those activities in unstressed animals. It has been said that carpipramine has a similar action to chlorpromazine, but that its dis tribution in the brain is slight after adminis tration, unlike chlorpromazine (38) . Such a profile might have at least been partly the reason why its mode of action appeared to be different from that of chlorpromazine in this study.
Alprazolam and diazepam were effective in reducing the behavioral abnormality in SART stressed rats only at dose levels which pro duced some influence on the behavior of unstressed rats. Nevertheless, the fact that these drugs inhibited the increased defecation due to SART stress appears to reflect the presence of elevated emotionality in these stressed rats.
Neurotropin has been reported to be ef fective for moderating most of the abnormal SART stress-induced symptoms (11, 12, 14, 17, 20) . Similarly, the present study showed that neurotropin blocked the increased loco motor and rearing activities and defecation caused by SART stress without influencing the behavior of non-stressed rats. Although the mechanism involved still remains to be elucidated, it appears to be at least different from that of anxiolytics such as alprazolam and diazepam. 
